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(54) System and method for wireless frequency hopping network 



(57) A method (10) for determining a frequency 
hopping sequence lor a newly-entering network. The 
method comprises the step of scanning (16) a plurality 
of frequency channels. For each of the plurality of fre- 
quency channels, the scanning step conprises detect- 
ing whether a signal (18.22) exists on the channel and 
recording information (20,24) corresponding to each 
channel on which a signal is detected. Finally, and 
responsive to the recorded information, the method 
forms (30) the frequency hopping sequence. 
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newly-entering network) are labeled with an identifier 
P2. Further, the subscript for each packet identifies a 
time period encoirpassed by the duration of the packet. 
For example, during a time to, the first network transmits, 
a packet PIq while also during time to the second neV 5 
work transmits a packet P2o. Further in this regard, in 
the prior art transmissions by the first netviork are asyn- 
chronous with respect to transmissions of the second 
network. tx)th In start time and periodicity. Thus, time tb 
is only meant as a relative indicatibn for the first piacket 10 
from each network, and it is not interkJed to suggest that 
the packets from both hetworl4 begin and end at the 
samfetime. ' 

[0006] \ V\5ih respe^ct to all packetsjn f;igure .1^ 
preceding deiTOns^^ packet begins at a - .1^ 

certain time, enids at a later time, and fijls a certain fre- 
quency range (where the range is refeifed to as.^,cHan- f ^ 
nel). As. a result [and as descrfoed below, ir)te^ 
may occur if the area in Rgure 1 defined by „a packet 
overlaps or is within a certain distance of packet fronr. 
another wireless link.. Indeed and; as cjisp^^^ecj'.belgw. . 
such Inlertereince may^ PCCM^ ih pne of ,|pur different 
waysT".;'^ ' "■ W . . ... V'^ " 

10007] , ' Tirpe t^ iri Figure f ii!us;traf es a f jrst type of . 
packet interference, where it;may b.e ^e^p th^t the first, 25 
network tf^urism^a^ After packet i?1 1 .cojtp- , 

mences knit, l^lsp during time the second nelvv / 
transmits a.pacikft^P2i. TThepyerl^^f paj^i^s Ki^'jpLrirt^^^^ 
P2i is shwh as a first.^^^^ ^ 
zontd ipltgrimerrt padketSi Pli ar>d/^^i.^g^ 
indicate® .that in the expimpje of CQifeiqji Ci , both i^c^- , , . 
ets occupy the sarhe frk|uency ch^nnei J t^^ 
Ci represent an e)an^^ where Wp diff^^^ 
attempt to transimit packets dun^ ] 
period and along ttie same chaonel. ./ ' U v , 
[0(K)8], .Before jproceeding^ 
collisions, afi ^ddiiipria^^^^ is hot^qrthy ^ith 

respect to a mdhp^A^^ wfiich has t^en^ij^^^to fur-' 7 
ther reduce the likelih<x>d and impfipt of packpt collK , . 
sion? .isuch as ^ c^^^^ Ci. jyiore pa^^^ 40 
additional methotlolpgy is refe ifithe ^rt^s listen-!^ " 
before-telk (;LB"r). '|p an LBt systern, the^ystem ysj^ „ . 
the hopping s;equence described atwye.. 
transmittirig along a . channel in thg sequence tjj^^ 
tem mpnitprs (or listensTi at th^ cKannel jto determine if f 5 
there is ahpther packet already occupying that fhqnnei , ^ 
during the current time. Returning to packet PI | by way , 
of exampie. if the second netwprk.employed L0T/.then it ^ ^ 
would listen at the desired. channel at whijdji it intended, 
to transmit P2^ and would therefore detept th^ 
of packet, PI V As a result, the second n^ork would ' 
avoid collision C1 by riot transmitting paifket P2| at th^^ / 
desired frequency, but instead it would dday a. rand 
period and then proceed to the next designated, channel v 
of its hopping sequence. Next, the second network ^5 
would listen at that next designated channel to again . . . 
determine if that channel was occupied by , a packet from • . 
another network, aqd if no packet was detected theri the . , 



second network would transmit its packet; however, if 
this next designated channel also was occupied, then 
the second network would continue to examine addi- 
tional channels in this same rnanner until a channel was . 
detected without being occupied by a packet from 
another network, at which time the second network 
would transmit its packet alortg the now unoccupied 
channel. Given this process, however, note that a delay 
arises in LBT systems, where the amount of "delay 
depends on the number of times that the LBT network Is 
forced, to listen, detect, and advance from an occupied 
channel, and then delay an additional random period to 
listen, detect, and transmit along an unoccupied chan- 
nel. 

[000$] . , While LBT as shown ^bpve reduces the pos- 
slbi% of collisions, it also hg^s d^^ For example, 

LBT delays transmisslbn % the network which was pre- 
pared to transmit along a channel but was prevented 
from doing so. due to an already-transmitted packet in 
the desired channel. ^pother example^ it . adds an 
element of delay to each packet due .to itsjjsteriing 
aspect. Also, all the de\^ces in an environment must uti- 
lize LBT to gjain the jnost bepefrt- (fairness) of, the 
scheme. Ak still ianolher exarnple, sonrie prqtpcofs. (e.g.* 
Bluetooth) utilized jn the unlicensed biands do^ not sup- 
port LBT, while, such protocols may nonetiieless provide 
other benefictal. a$peds arid^.;thus. Jie choice to use 
such a protocols a tradeo^ in that other aispects are 
obtained without the avaiiabi%,c^ 
10010] ^ , Time.fejn Figure 1 .iliustrates a»a)nd type 
of pac^ interference iri conriection with a cpilision C2 
occunring between a first network packet PI 2 ^and a sec- 
ond network packet P22. For collision C2. the incuntoent 
first netwprk JransmjjjS-pa^ a period 

incliKjiitig time .fe ,a^^ charinel, and.tt^ 

the secorrcl network transmits jacket PZg also durjng a 
period Jncludinq time t^ (i.e. . the. periods of the packets 
overigip),;F^acfiet R22 is fransmitted at a second channel 
which,' while different t^ of pa*et PI2. it 

is immediately . adjacerit the e occupied by packet 
PI2 v F.u^er in^this regard, it is known in the art that 
while paci^ts occupy a certain c^nnel as shown by the 
vertical displacement of a packet in Figure 1 , there is an 
additional, tendency for a packet to prpvide slight inter- 
ference or "spiatter'* into adjacent frequency, channels. 
As a result of ttiis isffect, even thpugh packets PI2 and 
P22 ppbupy different channels, they are still in adjacent 
chartn^s and. thus, .they are close enough to or^e 
another in frequency such that t[]e splatter effect causes 
a CQUjsion b^een the packete. Indeed, in some net^ 
works.the filters used are relatively inexpensive and, as 
a result, the concept illustrated with packets PI2 and 
P22 may also apply to next-adjacent channels, that is. to 
the channels that are one more channel avvay from the 
channels adjacent to the channel in which- a packet is 
fransmitted. Thus, collision C2 represents an example 
where two different networks attempt to transmit pack- 
ets during an oyerlapping time period and along adja- 
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achieve the above goals while complying the with the 
above-described FCC requirements. The preferred 
embodiments described below avoid these require- 
ments by not requiring thie newly entering network to 
have knowledge of or cooperation with the incumbent 5 
network. 

[0017] In the preferred embodiment, there is. a 
method for determining a fr^gehcy hopping sequence 
for €i newly-entering network the method compngies 
the step of scanning a plurality of frequency channjels, .10 
For each of the plurality of, frequency channels, the 
scanning step comprises detecting wljether a sigrtai , . 
exists on the channel and recording information corre- , 
spending to each channel on which a signal is detected. 
Finaliy, and re^nsive to the recorded inforrhation, tfie is 
method forms the frequency hopping' sequei*ic&; CStlifeC '- 
circuits, systems, and methods aire also discfos^d iittd 
claimed. ' 

[0018] Specific embodiments of the invention wiit ' 
now be desaibed, by wa^jf of e:Kam^e only, and with'irel- " 20 
erence to the accdmpanying'drawings. in ^rfiich: ^ 

Figure l illustraWWious^^k^^ 
first and second rietwwk arid deiTOri^triat|^' fk>te 
tial coliisioris befweeft such ak wfeW as'intjer-; ' is 

ferenc^ from a band iof fixkl ihterfisrehcp;: . ' ' ' 
Figure 2 illustrates a flow' chart' of thiS'^prffefS^et!!: ' 
enribbdihieht as^lrriiijenid^ in 'a. mettSpcJ per- 
formed by a network ^h^Cwef i ikrtd " * ^ . ' ■ 
Figure 3 iltustrates' a' diobk diagrahri bf '^J rietwcirk "'"30 
transcierver operSble # jserfol^rft the'rini^^ 
inTigur6^2; ■ ^ ^^^-■^\::r-■^<. = r;^::.:n.Jy■ 

-..'fr'.a^ - . ^to/>r;r.| •!t■>v'.1ec^^.^.... 
[001 9] Figure t was described =ih^the ii^trbdud^^^^ ^ 
desaiption of thi^xJocument Shd th4' reader isa^siiSSf"^'^ 
familiar with that d^rlptiai:^ ^-^'■■^'■'^•^ >t. >.>;:^^ri Li^oo^. -f. 

[0020] 'Figfe- Il(u3trales-a flow^cRarf <S a-^gthoa^;^^'*' 
10 according to the preferred i^hibodi^^^^ 
ating a wireleW'netwoik Wo as ti) reduce the dfaWli&cfe^ ' 
described above in cohriecti6n wr^ "4p 
of introduction to' this prefeired embodiment.^ the f6now-| ' ' 
ing discussibn cferroifisti^ait^'tt^^^^ b/ih4 cbric/t^itin dj' '^'^ 
method 10 'art iniprdVed hbfip^ing sequertce is geh^ated^ ' 
for a wireless network. Thie' hoppir^gf sequ^^^ 
improved in JfwbYespeds. H the hopplHg ^ 
is sudh that packets may be comrtnuni'caterf^^^ f 
it and results 'in a rdduced'amourit of paci<ef doilfeip^ 
as compared to a prior art noft-LBT wireless freijuency' ' 
hopping systern' SWohd? the hopping sequenice fe '^licK 
that packets may be communicated kccbrding'tb ' to 
results in a reduced incidence of coiiflict with fixed ii^er-'' ' 
ference as' compared to a prior art nbn-LBTWi/elessi'r^^^ ' ' 
quency hoppirig syktem. these benefits areiliiistrated 
in greater detail after the following detail^ discussibn of ' ' 
method 10. Finally, it should be noted that niethod"''l6 55 
may be inr^lerttented in'cbnnectioh with various t^ess oT ' '* 
wireless networks as may be ascertained by one skilled ■ ' 
in the art and as further 'addressed Idter. Additionalli?. ■ 



such a person also may dietermine various different cir- 
cuits and software implementations given the setectkJ 
network, as is also explored later by way of example. 
[0021], . Method 10 begins yvith a step 12 where the 
wireless network begins the determination of a nevy 
hopping sequence to be used for intercommunications 
on the network (i.e.. by all transmitters, receivers, and 
transceivers in the network), to facilitate the rernaining 
dispussiop. the network yyhich will use this new hoppirig 
sequerTce jS referred to a^^ newly-entering network. , 
This terminology is chosen i)ec5LUse the newly-entering 
network's communications are riew with respect tpt any . 
one or more incymbent networks that already, may b|; 
comrnuni^tiiig along the frequency banjd to be used iby 
the n^ly-eriteririQ network. Iri the preferred embqdi-" 
menty^^^12 6cs^ network start;up, such as wheri 
a firsf^'*r4hs'ceiveV*o^^^^ 

turngd bri or is oti^ Kle>a. 'meth&i ib 

contiiiiu^ ' ' / ' V 

[002^1^ ;f ih^^' 14^ is, 
seleirtSiTlfo^^^ ^^\$s will ' 

becbrirte^'a^jjafdnt ghfef? A'e ' remaining discu^on of 
method 10, in the preferrecj ^mbodimerrt each channel} 
along whifch fl^^^ rVewlyHentfem mky -frahsinitjis^'^ 

indi\)idUa'fly' ^nalYzed fey/lftethqd' i it least drice: 
AccotSr^tJ, ste^^ 

chafii^'eiS ii5.seie<;rei^ ar^iy^^d* libis ^^^^^^^^ 

be irtipife/rfeht^ i^^^ SOch ks'^^^^ 

ing a uHicfiie^ arid agc;^ 'duhifer to ptd^lncri^ing 

ifreqiifencf8?a^^ 

ingneiS^^^'^lbe'h^^ 

a couHfer to W^ifiis^ 

tatiCHls rfe^Bel^'e^^^^ 'in the att, Jn ' 

.anye^/^ht^^6rtbS^•^fet'6HS il'6eled&fc>r'ai*i%si 
'method 10 continues tQ ^^ lfel; '^^*" ^' '^ ' ^ ' ' 
[00^31 ^"^jVrs^^^ 

scann^tod^tM irff^iW 
chariH^. -* W 'ifti '|pr^6rred ;'en^ ''l^oWrt- 
receive ^igniafstf^ Uskf ak'tHe ' 

scarl' techn^^ thiE^t ari existinp' sTpn^l rtiaylbie^V 

detedal'ihl^^^^ 

as i(^stfat^'%^l?er iH 'd^^ With Figure^ 1': For 

exarfi/jl^iv^r? ^yjstirfg ^ign^'WiJl step 16 if 

there U^fiSoJ irttei^^reiic4^[n 1h^' s'fc^hneS channel (or in 
a chan^^?'6ne 6r W adjacerit cliannd Ibcaticii^ fronfi 
the st3riH^ cftanrt;6i); A^^^noti^ 
signal witf Be defied in ^ networis hdS 

trans'rAjh^ j^ p^^ the 
scar^ is^^eife scanh^ ch^^hhel or in a channel 
ihat-ls'^djSp'fent^l^^^^ Eoiph of thWe 

possibiiitfW'jis;V^espiondG^ to by one or nrvire additional 
steps' as disCii^Si below. Following the scan of step 
16. rnfethod lb feirrtinues to s<ep 18. 
[00241^ the floiv of method 10 |f the 

interfdrfeh^; if^ainy^^^ iri step 16 is fixed interfer- 

ence: 'the ; determinkti^^ of whiether a pirtibular 
detected inteifererice is interference (as opposed 
to pSfcket ifitetferehcej ma/ be 'made iri various fash- 
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For example, recall that earlier in connection with step , 
14 an approach was given where a counter was set to 
correspond to a first channel to be scanned. If this^^ 
approach is selected, then step 28 may be implemented . 
by incrementing this counter. In ariy event, once the net- . ^ 
work is property prepared to evaluate another channel, 
method 10 returns from step 28 to step 16 and the 
above-described options are taken with respect to the ' 
next channel. \ . \ 

[0030] At some point given., the return flow of io 
method 1 0 desaibed above, step, 26 will deterrnin9ittiat ,^ . 
all channels available, for transmission by the newly- ' ' 
entering network have been scanned; as rioted abpy/^, 
at this ppint method 10 reaches step 30. Step 30 deter- . , 
mines a hoppirjg sequence: for the newly-entering net- /js 
work given th^ injprmatipri recorded by any pfevjou^ 
occurrences of ^teps 20 andiStep 24, Ip othe^r w(o.?cis. \x 
once step ,3d is reached, if either or both of f jxed or \ 
packet interference has been detected,, theri infornnatlpn . 
has been stojedregar<^ing such interfererwe arid step. 2^ 
30 derives a^favorable hopping sequenc^. from th^t 
informatiori. More particularly, piy^n th,e jdeterted in^^ 
matiop, -Stj^-3b generates a hopp^^ 
thereafter be us^ for transfTiission by the, newly-ienter- 
ing network . This derived, hppping sequ seek^ to 25 
minirnizeihe possibiIity,that packets ser^ bythe ^newly-; 
entering network,, arKi ,a(^ 'that .hoppmg 

sequence., . will ir|cur interf,er,ence .giyeri jhe. alreia<iy- , . 
existing iqterferenqe as detected by earlier qccurrenqes . 
of step 16!^ In the Rrefen;ed en*<^ 
derivatipn-^bf the.^opp|ng,;Sequence ;is ,basedsficstiOn.v.. ? 
determining, if possible, the hof^lng seque^nqe of the 
incumbent network from,preyiousuinforn;»atio^ 
in occurrences of $tep.;24., and a^ ir^jyiew pf any .1 
recorded fixed ir^erference, record CHX!Mrren<^of .^ 35 
step 20. Tfiereafter, ant^^^ later,: tfie.hppping _ 

sequence for the, nev^ is^ def iye^^^^ ^ 

First, therefore. ihe prejFei;red meth for;d^ernijning . , ^ 
the incumberrt jietwork^s hopping .sequence , are ^ 
desCTibW belpw. { Second,, th^ methods for , 

determining the ;newly-entering:: liietworks hopping 
sequence in view of the jncumt^ent network*s hopping j 
sequence are also described below. 
[0031] A first approach for determining the.incum- . , 
bent network hof^ng sequencjSt is straigl^tforward if an ,, 45 
earlier occurrence of step 24 vy^s able, ^s de^prib^ 
above, to properly recover the header ihforrt^tipn ffbrn^^^^^ 
a detected incumbent network packet. In other words;, 
recall that ttie header information includes jan i^^^ . ] 

of the hopping sequence of the incunrrbent getwdrk 
which transmitted the paicket Thus, if such a beade^^ 
was properly decoded, then step 30 rner^^ly derives the, - 
incumbent netvvork's hopping sequence frorn the jndica: Z 

tion in the packet header. , : / 

[0032] A second approach^ fo^ the^ 55 

incumbent network's hopping sdquerice is achieyed. b^^^ 
extending the duration of step 16 to be Jarg^. relative to 
the time that the iricLinibent. network is. ejp^e^ 



maintain a transmission along each of its available 
channels. For example, if the incumbent network is a 
Bluetooth network, then it Is known that it will hop 1600 
times a second, where for each hop only one packet is 
transmitted followed, by another hop and packet trans- 
mission, and so forth. In addition, a Bluetooth network 
may hop ambng 83 different channels. Thus, where the 
incurrdDent network is a Bluetooth networK then the 
duration of step 16 niay b6 set. by' way of exanriple. to 
one secorxJ. Giyeh this duration, note that on average, 
for this one secbrd duratiori which will therefore include 
1600 hops to one of 83 different channels, then each 
differeht charihel should be used approximately 19.27 
times (i.e.. 1600/83=19.27). As a result, during the one 
second scan duratibri In a gr^en channel, ap^xoximately 
19.2^ pactet beitectibhs sh^^ for that channel, 

and .tfSisfee detectw^ ^s the above-men- 

tioned usa^e characteristiQS. Still fuhher, this brie sec- 
ond cfiiriation is then repeated fbr each differeht scanned 
channel, further ertharidng the mip to denronstrate 
^roxirnately 19.27 detbcted packets l^r each channel 
scanned, along' witfi the time intervate Wilhih Ifie one 
second duration fbr dWeht channel us^^bsl^^S^^^^ 
ther in the Bluetooth -protq^^^ the hoping se^ 
repeats; after '1 606 hops; a^ndingly. givert tihe mappi^ 
inrformat[bh descrH^ed kbove, an accurate determination 
of the ihcumberlit netyvorks hopping seq may be 
deriv^J'' ' ' ]^'[^ ''^] ' "] ' 

[0033] A;third apprp^qh fbr.det^^^^ 
bent g^otl<5.hc^ actiieved by short- 

eningihe^u'^tfon.d^^ 1(5 to tie; short relative to the 
time jdiat me incunribfritne^ maintain 
a trai]snitssipaa|png pne^ More particularly, in 

tiiis thircl^pffpach eac^ channel is ^canned for a short 
enough juration sp t^^^ iiSjed channels are 

scann^ in a ^me period that .ls no greater than the time 
pericrf that the incumbent net^ coritinue to transi 
mit alpng a single c*ianneL Agiaip qsing the example of 
an incumbent Bfuetboth network^ recall that it transmits 
succes?i^. paci^^^ a maximum of 83 different 

chann^s. Acpordiipgiy, for the third 'approach, tiie scan 
duratipnJs ^Maj.tb (or ;io greater than) 1/8? timtes tfie 
duration pf a packet. By scanning in this manneir, for 83 
successiWiy 5?ca^ channels, w/here each channel is 
scanned for only 1/83 of a packet duration, and assurn- 
ing only , a single Bluetootii jncumbent network is trans- 
niitting..,then only one channel during th0 scan should 
be foiind, to be pccqDied Jt^ a p^et (although adjacent 
chanpels rnay detect interference from the packet splat- 
ter). In tj:ii$,approachi note tiiat step 26 of method 10 Is 
modified ,sp tiiat tiie channels are scanned numerous 
times 'rather , than just scanning all available channels 
once, so that eventually metiiod 10 will dated ;Usage In 
each of thef available channels. Once more, using the 
Bluetooth incumbent network by way of exanple. It is 
probable tiiat after 1600 scans of each of the 83 chan- 
nels (where each channel is scanned fbr 1/83 of the 
packet duration), then the entire incumbent network 
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be detailed in connection with the operation of trans- 
ceiver 40 relative to method 1 0. Lastly, the three priniary 
blocks of transceiver 10, as well as the signals shown 
between thpse blocks, are discussed below in an order 
that parallels the steps 6f method 10 discussed earlier. 5 
[0039] To commence mj^thod. 1 0, MAC cpntj:oilei;.46, .. 
asserts the 5can Command signal, to phy^lcai engine 
44. In response and to acporripji^h steps 16 through 24. 
physical eihgine 44 selecfe a. channel and ireJicates the * 
selecte^d channel to radjp^ 42 by the JX/RX Frequency . '10 
signal. In response, radio 42^ adjusts (ag.i its oscillator). ' . 
to examine the signa^^at the indicated frequency apd. 
recall in the prefjsrred embodiment, an RSSI measure- 
ment is made at this fregMency. Further |n this regard^ 
recall that it is discussed prefenied. ;5 

embodiment evaluates sub^ih^nnels Vwitliin .eaph . 
selected scanned channel 4o ^eterrpinet if dW^cted _ 
interference.^if ariy; is either^fixed interference or^padkeJt / 
interference. Accordingly, physical engine 44 may indi- V, 
cate each such sub-channel to , radio ^^^^ thj? 
Subchannel Scan signal rfiay inclicat^ by that^'signai ' 
that slub-channeis should be evaluated fpr the'channelV ^ 
specified by the'l^RX Frequency signal; j^ljefiiat^^^^ 
radio 42 nriay be set up tp ey^^ a cer^in hunr^er^O^^^ 
sub-channels (ag , teriji ter each charinei indication it' >5 
receives from pliysical^ ®^'"f 1^' -^^ ^^ ^^^^^r )' . 

42 sweeps acrbss sub-cha^^ and 'determines ^rfe^^ . j. 
sponding RSSI measurements, it returns each meas-' T . 
urement Via the RSSf '^j'^ri^^ ^^^^1 
physical eJngiriei 44. firVls^^ 
ments. phy^iical engine'449nMkes th^'Vetenrim^ibnS^^ 
step 18 (i:e.. whether ifitbrf^^^^ is'fix^' iid 
(i.e.. whether irterter^ncels^ a pa(5ket), dft^^^ 
tially responds by teidng the actfbns of s<di)S 20Hanfl 2^ ^ 
respectively. Ih 'dclditioh. 'rf;R3iSI fe-zefi^^ 
a given scanned chWinWi 'theit-f errfec^Sfi- ' " 

ment determined that thy-e i^^^^^ inte^^fertcl? oil tlhSt ' "'^ 
channel.' In any^^^ht, pfiieh I 6h^n61' fe^^lb^^^^ 
physical ehgWe-W achieves step 2ff adjusMg th^T - ^ 
TX/RX Frequehcj^ 'sfgn^l to the next chaiife^{ot s£iB^- * ' 40 
channel withlfri%'eHext'chaHneiy ^earihed, WtWe 
process re|!)e4te; fbr alf chahriels. Finaiiy,''fihc#¥l i^ViJ;" *"'' 
nels are selected; the' VesuHfe'bf' all detected ihterfef^/^^^^^^^^ ' ''^ 
are reported 'by phy^caf engine 44 td IV(aG '6phtr6H^f 46 
via the Scan Pifesults signal: - ' ^ /^^^ n^r 
[0040] Once' MAC controller 46-VeKi^ives^Vhe Sc^n ! j; ' 
Resuitis signaiVn pierfofms stfeps SO'and Z2%r^Sdi 
creating and modifyihg a hew hoppihg s^uenc^ for th*^^ 
newly-entering hetworkrFurther, once thisnWhbppin^' ^ 
sequence is finalized;* then MACcontrblteUe coTririiiihh '^ sd 
cates it to physical engine 44 via the Hop Sequerfee sf^- ' 
nal, and MAC 'Controller 46" 'then instructs MAC ' 
controller 46 to actually' begird hoippih^ '(i.4. #an^nr»)tting 
per the new hop sequence) by assWtihg the l^op Cprt- 
trol signal.^ this latter aspeill. tfi^refore, may "be"'''55 
asserted to accommodate the delay aspect of step 38 if' 
applicable. ' ■ - ' '* * ; ' 

[0041] From the above, it may be' appreciated 'th^f^ '' "* 



the preferred embodiments provide various alternatives 
whefeby a newly-entering network first scans the fre- 
quency channels along which it may transmit and in 
response to existing signals on those channels a hop- 
ping sequence is derived for the newly-entering net- 
work. The hopping sequence for the newly-entering 
network provides numerous advantages over the prior 
art. For example, packets transmitted according to the . 
newly-entering network's derived hopping sequerKe 
are considerably less like to incur interference as 
opposed td a non-LBT pribr art wireless network. Fur- 
ther in this regard, therefore, the preferfed einbodi- 
ments niay be us^ with Bluetooth or other ndn-LBT 
protocolsr thereby gaining access tb the features 6f 
those prbtdcols, while still having a ieduced ihcidehce 
of packet iriterfer6hce 'even Without the LBT furtdtibnal- 
ity. Irtjefed, tVils Belief rt i^ particularly fiseflir^iviBn that 
Bluetooth m&f well become a very pr^val W protoc^t 
and, for this' reasbh; thfe preferred embodirVi&Vt sp^^ 
Call/^tSrifemp^afes a 'Bjuestpoth^ inn(5!fem^nt^ftdnr As 
anotffef e2A"nr^l^;ift(e^^ n6t r^uire 

adefay-^'^sbd^erfWith eScHindiViclual 0ack'^ tran^fs- ' 
sion k^ddfes'ari \:^pdnft^tir4: As* still knbthVria^ 
pie. ^kai ^hat the f C'C iril^s^^ ^ulatton "dh 
wirefes$ 'netwbrk^ fnihat'ffi^^ pl^rmified tb'; 

explicitly tbd^dirtati wi^^bne tnotheK- andlher prefWr^ ' 
en^ddrtti'enf satisfies this''regtil^tifbn*>fc^^ 
a redufc^d'lncldertee'^ef -pad^ef mterfeir^ci''^As stm 
another '^aH^Je. wW^^^^ l^reteitSd'fembbdii^^^ haii 
fcfeerPdi^ss^^pni^rilif^rh dortheiitiori^ witfi^ the Blue^- 
tootK^iilSixil/ ^ch- diS;c^ exannlMe ' 

and.lHy'rtlfe' ai^ ftrWy Be applied tb bthfe^* 

system^ as well {e.g., te^E 802/1 i) ^nd cbmbmatioh of = 
several^> Bfu^obthT'arfci^ to&.lt - f^^Sjuehcy rt^^ 
dWicWrlStflFWrth^r, thepr^iferffed ertibodimen! may be ^ 
userflrtnurtibfbik'dfffei^eht Wri'^fe (e:g.'. 
the iSM^^BSfKi,; m 'bt"heri)r dofiseq^^ vitiile the; 
presehf^'ertii^hents have belA ^de^Cr^bW" iri defeil. " 
the pr^ediriigj further derhbhsWes that^ariSiK 
tiitions- rihbdiffeatiorfe'or after^fiorts' ccS^ be -hfiadeVtd-^ 
the deicnpfibn^ sellbrth above without'depai-tirig from " 
the ihvehti>>e scope whibh is defined l>y thei fbilcwih^ 
claims. -■■-^-■^^c ^ 

[0042f ';/;'An 6f^ti9hal errit^^ c6iTi|irisqs.a corn- 
puting(dev^c/^'such^ purp<fee microprbces- 

sor of digits signalprod^sor. cpnjigured to operate a 
transca^i^er iri^^pcbi^dance' w^ the flowchart illustrated 
in Fi^fe' i. programmable logic d§y1ce is config- 
ured ^by'itieians bf a cbmputei' program to perform the 
step$\6f'thyfj6^ of Figure 2. in cooperation with 
the opiBTSfebn^ 

[0043)^1 ; ^T^^ program may fc»e carried or 

stored m Sri/sultable carrier medium, such as volatile or 
non-volatile solid state memory, reside'ht i^n the trans- 
ceiver Or ^ssociatfed circuitry. AddiiiOnally^the computer 
progr'aM^may be^^c^^ disc or tape, or 

over a fele&fhmuhications medium suchi as an bptical 
frequency or raidio ifrequericy carrief 'signal, for delivery 
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after the waiting step, transmitting a packet with 
the newly-entering network according to the 
hopping sequence for the newly-entering net^ 
work 

14. The method of claim 1 : 

wherein the detecting step detects packet signals in 
response to packets communicated along the piu-^ 
rality of frequency channels by an ihctimbeht riet-' 
work having an incumbent netyyork hopping 
sequence; 

wherein the detecting step, d^ekis sisals , in 
response to fixed interference arbrig' ^ least one of 
the plurality of frequency channels; and 
wherein the step of forming the frequency hcppjcig, 
sequence for the newly-entering networK 'cphn-r 
prises: ' „ .^^iSIS- 



10 



forming a first hopping sequence equal to the " 
incumbent network hopping sequencq;-arTKj 
forming the frequency hopping seqiienqe^-fdr ' ; ' 
the newly- entering network by modifying the- * 
first hopping sequenc4 to not include any one v ; ; 
of the plurality of channels abng whidi fixed i., 
interference is detected. ^ . - - ; . ^5 

15. The method of claim 14. wherein the nKXfifyirig sl^p 
comprises selecting an alternative channel from a - 
rotation of channels^iuch that the selected alterna-^'* ! 
five channel is used, in ihe Jrequency hopping ^ 
sequence for the newly-entering r^etwtork In place of j^- 
one of the piuraiity of channels abrig which fixed . 
interference is detected. 



packet signals in response to a hopping sequence 
of an incumbent network; 

wherein the hopping sequence of the incumbent 
network consists of an integer number M of 
sequence channels over which the incumbent net- 
work is operable to transmit packets before repeat- 
ing the hopping sequence of the incumbent 
network; and 

wherein the step of scanning a plurality of fre- 
, quency channels comprises scanning each of the 
plurality of frequency channels for ia period at least 
equ^i to a time required by the incumbent network 

to transmit packets along the integer number M of 

sequence channels. 

■ '. . • " . 

19. A computer program for configuring a computing 

■ "^ device to implement arxl/or control a communica- 

tions device to carry out the steps of any one of 
,^ dairr^s 1 to 18. 



'20. A conrputer program carrier inediMin carrying a 
computer program according tq cjaim 19* 



16. The method of claim 15. wherein the rotation 6f .. ' 35: ' » . ,^ 
channels comprise a plurality of Interference-free . 
channels in which the detecting step has not- 1 
detected a signal existing on each Qf Jhe JDterfer-,. " . . . 
ence-free channels. i . " ' ■/''^^ACM : 

17. The method of any one of clainis ltd 15*: 

wherein the scanning step is operable to iden^rf/ 'T*;. 
packet signals in response to a hoppirig sj^Uj^nc^^ 7 : 
of an incumbent network; ; . ' , ' ^? 1 ' L *!;, , 

wherein the hopping sequence of the incumbent 4^ 
network consists of an integer number N of different " 
channels along which the incumbent network may ^ . 
transmit packets; ^ - ' ^ . . 

wherein the step of scanning a plurality of fre^ • ;'i 
quency channels connprises scanning each/bf tlie so*^' 
plurality of frequency channels multiple times; and ' 
wherein for each of the multiple times each of the ' • 
plurality of frequency channels is scanned for a j 
period no greater than a ratio of one over the inte- f 



18. The method of any one of claims 1-15: 

wherein the scanning step is operable to identify 
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(57) A method (10) for detenmining a frequency hop- 
ping sequence for a newly-entering network. The meth- 
od comprises the step of scanning (16) a plurality of fre- 
quency channels. For each of the plurality of frequency 
channels, the scanning step comprises detecting 
whether a s|ignal (18.22) exists on the channel and re- 
cording infbnnation (20.24) corresponding to each 
channel oniWhich a signal is detected. Finally, and re- 
sponsive to jthe recorded information, the method f ornis 
(30) the frequency hopping sequence. 
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